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1 Introduction 
Patients with major hematologic malignancy or 
aplastic anemia were treated with bone marrow 
(BMT) or stem cell transplantation. Additional 
transfusion of erythrocyte concentrates during 
chemotherapy and after BMT is a part of the 
therapy. 
As a consequence of the transfusion of red blood 
cells, iron accumulates in organs, tissues and 
endocrine glands. In a former study we found 
increased iron stores in patients with acute 
lymphoblastic leukemia (ALL) treated by 
chemotherapy and blood transfusions [1]. 
To prevent the patients against the potential toxicity 
of an acute or chronic iron overload, the diagnosis 
and staging of iron metabolism in these patients is 
necessary. The most important organ for staging 
iron overload diseases is the liver, because more 
than 70% of the total body storage iron is 
concentrated there. So far, no quantitative data are 
available in these patients. 
Currently, the classical invasive liver biopsy with 
histologic determination of Prussian blue stainable 
iron and/or chemical determination of iron in the 
liver biopsy specimens is still the standard method 
in the diagnosis of clinical relevant iron overload. 
Among several non-invasive methods (CT, MRI, 
nuclear resonance scattering, SQUID biomagnetic 
susceptometry), only MRI and biomagnetic 
susceptometry have the capability to measure liver 
iron concentration (LIC) with the sensitivity 
necessary for clinical use. 
In more than ten years (1989 - 2000) SQUID 
biosusceptometry has been used to assess iron stores 
in ~ 2000 patients suspected for iron overload [2]. 
Especially in children, biomagnetic liver 
susceptometry  (BLS) is the method of choice [3]. 
In the present study, non-invasive iron quantification 
by biomagnetic liver susceptometry under clinical 
conditions was used in a group of patients after bone 
marrow or stem cell transplantation.  

The main aspect in our study was the incidence and 
degree of iron overload in those patients, who were 
at least one year after BMT. 

2 Methods 
The iron status was studied in 70 patients with major 
hematologic malignancy or aplastic anemia after 
treatment with hematopoetic stem-cell 
transplantation. The diseases are in detail: acute 
lymphoblastic leukemia, (ALL, n=10), acute 
myelocytic leukemia (AML, n=17), chronic 
myelocytic leukemia (CML, n=18), Hodgkin disease 
and non-Hodgkin lymphoma (HD & NHL, n=16) 
and myelodysplastic syndrome (MDS, n=9). The 
liver iron concentrations were determined from 
biomagnetic liver susceptibility measurements. At 
the time of the first transplant, 18 patients were 
younger than 18 years. 
For comparison, liver iron concentrations were 
measured in a control group (n=60, mean age=33y, 
range=6-61y) of healthy subjects. In this group, 
18 volunteers were younger than 18 years. 
Biomagnetic liver susceptometry was performed by 
lowering the patient in the known localized 
magnetic dc-field (Bmax= 20 mT, gradiometer 
1st order) of the Hamburg Biosusceptometer (BTi) 
with water as the reference medium. The 
fluxintegral contributions for the liver and torso 
were calculated in advance for certain distances and 
radii (3 - 25 cm) as ellipsoids (liver) and as 
hemispheres or cylinders (torso). The calculated 
fluxintegrals were fitted over distances and radii and 
the coefficients were tabulated and stored in the 
computer for the analysis of the measurements.  
In BLS, the magnetic flux change (rf-SQUID 
voltage output) detected by two 2ndorder 
gradiometer pickup coils was fitted by torso tissue 
(ribs, muscle, fat; near field) and liver tissue (far 
field) flux integral contributions simultaneously in a 
2-layer model [4]. From bedside sonography, the 
actual distance from the liver to the torso surface 
was determined. 



From multiple sagittal sonographic imaging, the 
total liver volumes could be calculated. The total 
liver iron stores were calculated by multiplying the 
biomagnetically measured liver iron concentration 
(the major storage organ), with the respective organ 
volume obtained by sonography. 
Laboratory tests such as serum ferritin, the C282Y 
hemochromatosis gene mutation, hepatitis serology 
and liver function tests were performed and 
information regarding the number of red blood cell 
concentrates and other data were obtained from 
clinical records. 

3 Results 
An overview of the achieved liver iron 
concentrations in relation to the groups of primary 
diseases is given in Figure 1. The median result of 
our analysis in the patients, is 798 µg/g liver wet 
weight (range 50 – 4430). Only the results in the 
HD & NHL-group (n=10, LIC = 967 ± 282 µg/g 
SEM) are statistical significant different in 
comparison to the other groups of primary diseases. 
The results from a control group (n = 60) are added 
for comparison. The median LIC in the group of 
controls, is 206 µg/g liver (95%-percentile: 
78/467 µg/g). The median LIC in the subgroup of 
subjects < 18 y is 183 µg/g (95%: 77/368 µg/g) and 
for subjects > 18 y, 240 µg/g (95%: 93/481 µg/g). 

Figure 1: Mean liver iron concentration ± SEM in 
patients grouped after primary diseases and in 
controls. 

The liver iron concentration in the patients with 
respect to the time after BMT is displayed in 
Figure 2. The shaded area indicates the range of 
controls. In 26/70 patients (37 %) the liver iron 
concentration was increased with LIC > 1000 µg/g 
liver wet weight (broken line). Liver iron 
concentrations above 2100 µg/g were found in 8/70 
patients (11 %, solid line). In thalassemic patients, 
LIC valus above 2100 µg/g are associated with an 
increased risk for organ damage and for cardiac 
disease [5]. In one patient, a LIC value > 4000 µg/g 
liver wet weight was found which implies a high 
risk for severe complications.  

Figure 2: Liver iron concentration in relation to the 
time after BMT. The shaded area indicates the range 
achieved in a control group (95%-percentile).  

4 Discussion 
The increased iron stores are a consequence of 
transfused erythrocyte concentrates after bone 
marrow or stem-cell transplantation. The capability 
of iron to exchange between the oxidation state Fe2+ 
and Fe3+ is an essential factor of the toxicity of iron 
in respect to lipid peroxidation. Lipid peroxidation is 
a known factor causing organ and tissue damage. 
Our data show, that a potential degree of  risk for 
organ damage is associated with increased iron 
stores in 11% of the investigated patients.. 
In first order, a close correlation between LIC and 
the amount of hemoglobin iron transfused with the 
red blood cells should be expected. As shown in 
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figure 3, there is only a poor correlation (r2 = 0.21). 
One reason may be the additional storage of iron in 
spleen, heart and other organs, tissues and endocrine 
glands.  
More than 6 years after the first transplant, patients 
did not show significantly lower liver iron 
concentrations than patients 1 – 3 years after BMT 
(Figure 2). From studies in thalassemic patients after 
BMT it is known that LIC is only slowly decreasing 
with time, when no iron depletion therapy was 
applied [2]. It could also suspected, that an iron 
redistribution between the organs and tisssues will 
occur. Age and sex had no influence on LIC, but 
diagnosis of lymphoma or chronic myelogenous 
leukemia and autologous transplants were associated 
with lower LIC. 

Figure 3: Correlation of liver iron concentration and 
hemoglobin transfused by blood transfusion.  
 
Liver function tests with abnormal values of 
glutamic pyruvic transaminase (GPT) were found in 
12 of 65 patients under study (Figure 4). An even 
larger portion (50%) of otherwise unexplained 
impaired liver function was observed in a study 
based on raised serum ferritin levels [6]. 
A wider clinical indication of BMT will be followed 
by an increased number of survivors but also with 

possible late side effects due to an increased iron 
load. 
 
 
Figure 4: Liver function parameter GPT in relation 
to liver iron concentration. The horizontal area 
indicates the interval of normal values of GPT and 
the vertical area indicates the interval of normal 
LIC. 
 
In conclusion, our findings reveal a significant risk 
of potential damage from increased liver iron stores 
in a substantial number of long-term survivors after 
BMT. Thus, the question of therapeutic intervention 
aiming to lower the liver iron stores, has to be 
answered. In fact, phlebotomy therapy seems to 
improve the liver function at least in patients with 
serum ferritin levels > 1000 µg/L. From the linear 
relationship of LIC with serum ferritin (data not 
shown), this would correspond with a LIC level 
> 1700 µg/gliver. 
Early phlebotomies after BMT or adequate chelation 
therapy as done in patients with ß-thalassemia 
major, could minimize these risks.  
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